Introduction: Patient reported outcome measures (PROMs) can identify important information about patient needs and therapeutic progress. The aim of this review was to identify the PROMs that are being used in child and adolescent burn care and to determine the quality of such scales.
Introduction
Around 52,200 children and adolescents suffer a burn injury in the UK each year [1] . Historically such injuries have resulted in high mortality rates, however with advances in medical and surgical treatment, an increasing number of children and adolescents are living with their injuries. Irrespective of a person's age at the time of injury, a burn can have a significant psychosocial impact, both for patients and the family members supporting them. Those affected can struggle with coming to terms with the traumatic event that caused their injuries, while changes in physical appearance, loss of independence, pain and restricted physical abilities can also be hard to cope with [2] .
Late childhood and adolescence can be a challenging time, during which most young people experience physical, psychological and social changes. The stress of experiencing a burn injury and associated treatment during these developmental stages can add further pressure [3] , increasing the likelihood of key developmental processes being disrupted [4] . A recent review found that a considerable proportion of young adults burnt as children still experienced anxiety and affective disorders in adulthood [4] . It is therefore important to identify the needs of children and adolescents with burn injuries, in order to ensure that they receive the most appropriate support, with a view to reducing the likelihood of them experiencing difficulties later on.
The National Burn Care Review (2001) [5] raised awareness of the need for improvements in the provision of care for people affected by burns. As well as highlighting the need for routine audits of mortality and morbidity rates and surgical outcomes, the review noted that a systematic assessment of patients' experiences of their care, treatment, scarring and psychosocial functioning after burns was lacking. The review emphasised that the development of new patient reported outcome measures for this population was a priority. Historically patient needs have been identified through the use of clinician reported measures; however these might miss key aspects of the patient experience. Patient-reported outcome measures (PROMs) are preferable, as unlike clinician reported measures, they provide information about patient experiences and satisfaction with care [6] .
PROMs are clearly needed in order to appropriately measure outcomes in paediatric and adolescent burn care. However, careful attention must be given to the development and implementation of these measures. A recent review of the psychosocial consequences of burn scars highlighted the lack of PROMs that have been validated with burns patients [7] . Although PROMS may investigate relevant patient experiences, their reliability (e.g. ability to yield consistent scores over time), validity (e.g. ability to measure what it intends to measure) and responsiveness (e.g. capacity to identify changes in scores over time) cannot be assumed without their psychometric qualities being formally tested with child and adolescent burn patients [8] .
When PROMS are used by clinicians and researchers in this and related fields, there has been a tendency to use generic (rather than condition specific) measures to assess patient needs. Although generic PROMs are useful for identifying general health outcomes, they do not capture data relating to experiences that are specific to a particular patient population -in this case, paediatric and adolescent burns patients, and may lack the sensitivity to identify changes resulting from treatment. Rumsey & Harcourt [9] have also argued that there is a need to develop psychometrically robust instruments that can be used to evaluate the psychosocial adjustment of children with visible differences such as burn injuries.
Whilst a number of reviews have summarised the types of outcome measures in research focussing on adults with burn injuries [10, 11, 12] ; none of these reviews have assessed the psychometric qualities of these outcome measures and little attention has been given to outcome measures used in paediatric burn research. Van Baar et al [13] reviewed the functional consequences of experiencing a burn injury in adult and paediatric burn care. Although this review included information about the types of measures used in the studies, the psychometric qualities of the measures were not assessed in relation to paediatric burn patients. Similarly Lawrence et al's review [7] did not assess or report the psychometric quality of the measures used in the studies included in their review. A more recent systematic review of burn scar rating scales assessed the validity, reliability, responsiveness, interpretability and feasibility of these measures [14] . However the findings relate only to scar assessment; this is only one element of burn outcome. In addition, the majority of the scales included in this review were objective ratings, with only the Patient and Observer Scale Assessment Scale (POSAS) [15] providing subjective ratings by patients themselves.
In order to provide essential information to underpin the future choice of PROMs by researchers and clinicians working with children and young people affected by burns, the purpose of this review was firstly, to identify PROMs currently being used in paediatric and adolescent burn research to assess health and well-being (e.g. anxiety, depression, pain, post-traumatic stress disorder, mobility) and secondly, to conduct quality assessments to identify the psychometric properties of these measures.
Methods
The protocol for this review was accepted on the PROSPERO systematic review database (http://www.crd.york.ac.uk/prospero) on 8
th November 2013 and is reported using the PRISMA checklist for reporting systematic reviews [16] and guidance published by the Cochrane Collaboration [17] .
Search strategy
A computer literature search was conducted to identify studies in the burn care literature which have used PROMs with patients with a burn injury. Articles obtained were analysed using the systematic review technique.
Computerised and manual bibliographic searches were conducted using 7 databases (Medline, Social Sciences Index, Cinahl, Psychinfo, Psycharticles, AMED, HAPI). Articles published since the publication of the National Burn Care Review (2001) [5] were considered in order to assess whether the conclusions of this review remain current -thus a publication window of January 2001 -March 2013 was imposed on the search strategy. The overall strategy was to search for articles related to outcomes and/or measures assessing the effects of treatment in burns care. Once the articles had been identified, they were then split according to whether they reported using PROMs with adult or child/adolescent patients. This paper reports those used with children and adolescents; the adult patient PROMs are reported elsewhere [18] . 'Childhood' and 'adolescence' are flexible terms in which the age ranges vary socially and culturally. In the present study 'childhood' was defined with an age range of 8 -11 years. By the time children reach the age of 8, they are considered to have the skills to be able to express more complex concepts such as their own thoughts and feelings [19] . An upper limit of 11 years was chosen in line with the definition of childhood outlined by the Centres for Disease Control and Prevention [20] . 'Adolescence' was defined as an age range of 12 -17 years, since this is consistent within most definitions of adolescence [20] and as the authors are reporting studies relating to adults (aged 18 and older) elsewhere. In instances where an article also included patients that were slightly younger or older than the specified age range (e.g. aged 6 or aged 19), authors used the average age of participants in the study as the exclusion criteria (e.g. the mean age of participants had to be between 8 and 17 years).
The search terms used were:  Scale OR score OR instrument OR research instruments OR questionnaire OR inventory OR survey OR measure OR form OR patient reported outcome measure OR pro OR prom  AND burn OR burns.
Reference follow-up was conducted to identify relevant articles which were not detected in the online bibliographic search. Unpublished articles were also included to reduce the risk of publication bias in the overall findings.
Articles were screened based on the following criteria:
Inclusion criteria
 Articles which used a PROM/s.
 Articles written in the English language.
 Articles which used an English language PROM.
 Articles which used the PROM with children (aged 8 -11) or adolescents (aged 12-17) with a burn injury, or the mean age of participants in the study was between 8 and 17.
 Articles in which there is published psychometric evidence of measurement reliability, validity or responsiveness of PROM used in the article.
 Articles that used PROMs with more than one item.
 Articles that were published from January 2001 -March 2013.
Exclusion criteria
 Articles which used instruments that were not patient reported (e.g. parent or clinician reported)
 Articles written in a language other than English  Articles which used PROMs written in a language other than English.
 Articles which reported data from participants under the age of 8 or over the age of 17 with a burn injury or the mean age of participants in the study was under the age of 8 or over the age of 17.
 Articles which include data on other patient groups in addition to burn patients.
 Articles in which no published psychometric evidence of measurement reliability, validity or responsiveness of the PROM used in the article.
 Articles that used a single item PROM.
 Articles that reported data from patients who have not had a burn injury.
 Articles that had been published before January 2001.
Data extraction procedure
Two reviewers (CG and LA-J) independently extracted data which included study design and the country in which the study was conducted in, participants (e.g. number and characteristics); PROM type and characteristics (e.g. number of items). Unpublished or missing information was requested from the study's corresponding author when necessary. Any discrepancies in extracted data was discussed between reviewers and resolved through consensus and the double checking of papers by both authors.
Quality assessment procedure
The quality of the PROMs used in the studies identified in the systematic review was assessed in relation to their adherence to the international guidelines for the development and validation of health outcome measures. Cano et al (2004) [21] reports a three-stage development and validation process based on the guidelines outlined by the Scientific Advisory Committee of the Medical Outcomes Trust for the development of health outcome measures [22] . This involves a step-by-step process for item generation, item reduction and psychometric evaluation. The first stage involves creating a conceptual model based on the aims of the instrument. A pool of items is then developed to ensure that all important aspects of the health outcomes are considered for the final scale. Initial versions of the measure are developed using three approaches: a literature review, qualitative interviews with patients and expert opinion. The item pool is then evaluated in a small sample of patients to confirm appropriateness, readability, and wording and to determine acceptability and completion time [8] . In stage 2, the measure is evaluated in a larger sample of patients. The final items are then identified according to item redundancy, missing data, endorsement frequencies, factor analysis, and tests of scaling assumptions. In stage 3, the final measure is administered to large samples of the specified population to evaluate the psychometric properties of the instrument, including acceptability, internal consistency reliability, test-retest reliability, validity within scale, validity with other measures, responsiveness and item total correlations [23] . The current review uses these guidelines to assess the quality of the development and validation evidence for each of the reviewed PROMs in relation to children and/or adolescents with a burn injury.
Two review authors (CG, PW) independently assessed the quality of the included articles by considering the presence or absence of the above characteristics in the reported measures.
Disagreements over the quality of particular studies were resolved through discussion and the double checking of papers by both authors.
Results
Study selection Figure 1 Flow diagram of systematic selection of articles in the review Figure 1 shows the flow chart of the data screening process. A total of 6250 articles were identified. The first author (CG) screened the articles by applying the inclusion/exclusion criteria. Articles were excluded for the following reasons: duplicates (n=1381), irrelevant (n= 1994), not burn patients/animals (n=625), no PROM used/no patient data reported (n=1605), PROM not validated (n=11) and articles published before 2001 (n= 197). Of the 437 articles that remained, articles were screened by CG and LA-J. Articles were excluded for the following reasons: duplicates (n=19), not an English language article/PROM (n=91), no PROM used/ no patient data reported (n=128), single item /not validated PROM (n=55) and insufficient information about the PROM (n=1).
Of the 143 remaining articles, 120 reported data from adult patients so were excluded (results from these articles are discussed in Griffiths, Harcourt, Rumsey & Pleat, in preparation) [18] .
A total of 23 articles met the inclusion criteria of using one or more PROM with children or adolescents with a burn injury, and were included in the review. Table 1 lists details of the 32 PROMs used in the 23 articles identified by the systematic search.
Study design
The majority of studies were conducted in the USA (n=16), with the remainder being from the UK (n=4), Australia (n=2) and South Africa (n=1). The studies were intervention evaluations (n=8) or cross sectional (n=9) and longitudinal studies (n=6).
The majority of articles (n=19) had less than 100 participants. Only four studies had more than 100 participants, with the largest sample size comprising of 202 young people [24] . Patients completing the PROMs ranged between 6 and 19 years of age, the mean age of participants ranged from 11.2 -15.1 years old.
Types of measures
Two main types of PROMs were identified: generic and burns-specific. Of the 32 measures reviewed, 31 were generic measures, and only 1 was burns-specific (K). Table 1 shows the domains (e.g. areas of health) assessed by the reviewed measures.
Generic and burns-specific measures assessed a variety of outcomes. All measures assessed psychological characteristics/outcomes. The most commonly measured domains was appearance (B, C, D, K, N, O, P), self-esteem (A, B, C, D, M, Zb) and social skills/competence (Q, R, S, U, V), followed by anxiety (E, F, G, H), depression (I, J) and quality of life (L, M). The remaining studies each measured broadly one domain: post-traumatic stress disorder (Zf), perceived stigmatisation from others (W), social support (Y), attitudes to illness (Z), self-control (Za), resilience (Zb), sense of community alienation (Zc), personal development (Zd), and personality (Ze). Please see Table 1 for further information relating to the subscales in each construct.
The majority of the generic measures were psychometrically validated with children and/or adolescents in the general population, although a few had only been validated with adults (E, H, I, O).
Only two of the generic PROMs, the Perceived Stigmatization Questionnaire (W, Lawrence, et al) [25, 26] and the Social Comfort Questionnaire (U, Lawrence, et al) [25, 26] had evidence of validation data with children and adolescents with burn injuries.
Only one measure (the Children Burn Outcomes Questionnaire for children aged 5 -18) (K, Daltroy et al) [27] was burn-specific and had been validated with adolescents with burns.
Name of PROM

Number of items in the scale
Number of dimensions (sub and total scales) Author of study using PROM and study location X B) Self-Perception Profile for Children (Harter, 1985) [32]
6 Gaskell (2007) , UK [33] Girolami (2004), USA [34] X X X X X X C) Harter Self-Perception Profile for Adolescents (Harter, 1988) [35] X X X X X X X E) Short form of the Manifest Anxiety Scale (Bendig, 1956) X NB: all PROMs reviewed were generic PROMs, except for the Burns Outcomes Questionnaires for children 5 -18 years old K, 27 which was burn-specific
Quality assessment
All PROMs included in the review were subjected to a quality assessment based on the psychometric criteria specified in the method. Of the 32 reviewed measures, only three (two generic and one burns-specific) demonstrated any evidence of validity with children or adolescents with burn injuries. The two generic PROMs were the Perceived Stigmatization Questionnaire (PSQ) and the Social Comfort Questionnaire (SCQ) which were originally developed for adult burns patients [25] and then validated in a paediatric and adolescent population (aged 8 -18) with burns [26] . The burns-specific PROM was the Children Burn Outcomes Questionnaire (CBOQ) for children aged 11 -18 [27] which was developed specifically for adolescents with a burn injury. The quality assessment of these three measures is shown in table 2.
The PSQ measures stigmatising behaviours from others commonly reported by people with a visible difference such as burn injuries [25] . It has 21 items which require participants to rate how often they experience specific behaviours from others (e.g. People call me names) on a 5-point Likert scale (never, almost never, sometimes, often, always). The SCQ measures the extent to which people feel comfortable in social situations [25] . It has 8 items which ask participants to rate the extent to which they think and feel in certain ways about social situations (e.g. I feel like I don't fit in with other people). The Likert scales used in the SCQ have the same response categories as the PSQ. Although originally developed for use with adults with a burn injury, the PSQ and the SCQ are generic PROMs (e.g. they are intended to be used in any condition/disease population) and do not specifically refer to a person's burn injury or scar.
The items in the PSQ and the SCQ were originally generated by reviewing published literature and eliciting expert clinician opinion. Patient interviews were not conducted and a conceptual framework was not developed, as per Cano et al's (2004) [21] guidelines when generating instrument items. However, 10 adult burn survivors and 10 clinician experts reviewed drafts of the measures and the items were amended in line with their feedback. Since the original measure was only intended for adults, the opinions of child and adolescent burn patients were not obtained in the measure development phase. In the item reduction phase, items were excluded based on item redundancy, endorsement frequencies, factor analysis and testing scale assumptions. This is consistent with Cano et al's (2004) [21] measurement development guidelines.
Psychometric evidence for the use of the PSQ and SCQ with paediatric and adolescents burn patients is demonstrated in a validation study which involved 361 patients aged 8 to 18 [26] . The study reported less than 1% missing data for both measures, which indicates that they were acceptable to paediatric and adolescent patients. However no data was reported relating to the time it took paediatric patients to complete the measures. The scales had also not undergone a formal acceptability or feasibility study with paediatric burns patients during the development or revalidation stage.
Confirmatory factor analysis showed that both scales had adequate evidence of internal consistency reliability (.78 -.89) and construct validity (.46 -.69) [26] . When comparing the fit indices of nested models, both measures demonstrated measurement invariance (equal latent form, factor loadings and indicator thresholds) across paediatric and adult groups. However, as yet, there is no published evidence of item total correlations, test-retest reliability, responsiveness or validity hypothesis testing with paediatric burn patients.
The only burns-specific scale identified in this review was the Children Burn Outcomes Questionnaire (CBOQ) for adolescents aged 11 -18 [27] . It has 52 items and 12 different subscales which assess various physical, psychological and social health outcomes (e.g. upper extremity function, physical function and sports, transfers and mobility, pain, itch, appearance, compliance, satisfaction with current state, emotional health, family disruption, parental concern and school re-entry). This scale used a range of different response categories.
The items in the CBOQ were generated from a review of the instrument literature and by expert clinician input. However interviews with child and adolescent patients were not conducted and no conceptual framework was developed. Item reduction was conducted using expert opinion, factor analysis and tests of scaling assumptions. However tests of item redundancy, endorsement frequencies and missing data were not used to exclude items.
Evidence to support the psychometric properties of the CBOQ was obtained in the instrument validation study with 86 adolescent burn patients (aged 11 -18) . There were few missing data. On average, adolescents took 33 minutes to complete the questionnaire. This suggests an acceptable degree of burden for paediatric burn patients; however formal acceptability and feasibility studies were not conducted. The scale demonstrated fair to excellent internal reliability (α = .75 to .92) and it correlated with the Child Health Questionnaire (a validated measure assessing similar domains) indicating adequate construct validity. The scale demonstrated satisfactory to excellent test-retest reliability (r = 0.67 -0.99). However there was no published evidence of the item total correlations, validity hypothesis testing or responsiveness. The current study aimed to identify PROMs that have been used in paediatric and adolescent burn care research and to assess their psychometric properties for their use with these patient groups. An extensive systematic review identified that a variety of PROMs have been used to assess a range of outcomes in this population. The majority of the reviewed PROMs were generic rather than burnsspecific, and covered a broad spectrum of psychological and physical health domains including social skills, post-traumatic stress symptoms, anxiety/depression, appearance and quality of life. Evidence to assess the psychometric properties of the majority of measures was lacking.
The majority of the generic measures reviewed had only been validated with child and/or adolescents in the general population. Generic PROMs that have not been developed and/or validated with paediatric and adolescent burn patients are unlikely to have adequate responsiveness to identify changes in this population. For example, Gaskell (2007) [33] found that qualitative interview data from paediatric patients identified psychological benefits of attending burns camps, but no significant improvements were identified on the standardised generic measures completed by participants at the same time.
Only three PROMs had undergone some level of psychometric testing with child or adolescent burn patients. The two generic scales, the PSQ and SCQ had evidence of validity within the scale, internal consistency reliability and acceptability with paediatric and adolescent burn patients (aged 8 -18 years). However there is currently no evidence of item total correlations, test-retest reliability, validity with other measures, validity hypothesis testing and responsiveness of these scales. The only burns-specific scale, the CBOQ, had evidence of internal consistency, test-retest reliability, validity within the scale and with other measures, validity hypothesis testing and acceptability with adolescent burn patients (aged 11-18 years old). However it lacked evidence of item total correlations and responsiveness, so it is unclear whether the instrument can detect clinical change over time.
These three PROMs show promise, however they are not without limitations. Each scale was written in American English and was validated with American paediatric/adolescent burns patients; there might therefore be cultural differences in the relevancy of the scales to paediatric/adolescent burn populations in the UK and elsewhere. For a PROM to be effective and useful in identifying patients' needs and experiences, it must be applicable to each cultural and linguistic group being investigated [76] . PROMs require intra-lingual validation if they are intended to be used with a population that speaks a different form of the language from which it was originally developed (e.g. US English and UK English) [77] . Further research should explore their relevance and validity with paediatric and adolescent burn patients in the UK.
Increasingly researchers have highlighted the importance of conducting qualitative research with patients when developing PROMs, in order to ensure that the items are well understood, wideranging and appropriately reflect the experiences of the specified population [78] . Guidance offered by the Scientific Advisory Committee of the Medical Outcomes Trust [22] and Cano et al (2004) [21] indicate that patient interviews are an important information source when generating items during the development of a PROM. Generating items from patient interviews increases the likelihood that questions will adequately reflect patient experiences [79] . During the development of all three PROMs, burns patients reviewed drafts of the measures and provided feedback (namely children in Daltroy et al's PROM [27] and adult burns survivors in Lawrence et al's PROMs [27] . However none of the three reviewed PROMs had been developed from patient interview data. Instead, PROM items were based on expert opinion and literature reviews. Recent guidelines from the Patient Reported Outcomes (PRO) Content Validity Good Research Practices Task Force [80, 81] have highlighted the importance of gaining target population input during item generation and for reviewing draft versions of the PROM to provide evidence of content validity. Developing questionnaire items without patient input may mean that important aspects of the patient experience are missed [8] .
Additionally these three measures were psychometrically tested using classical test theory. Classical test theory (CTT) is the most common psychometric method to develop patient reported outcome measures [82] . However there are a number of limitations to developing PROMs using this method. The first is that collected data are ordinal rather than interval, therefore measurement invariance (e.g. the rule that the relationship between the latent variables and items needs to remain the same across groups) is not confirmed [82] . Accordingly, it is not clear whether the observed differences in scores can be attributed to actual differences in the latent variable measured or for example, differences in the way different patients interpret the questions.
Secondly the scale properties such as validity or reliability are sample dependent. Therefore the probability distribution of scale scores can vary between population subgroups, making it difficult to accurately compare subgroups of the same population [82] . Thirdly, the total scores can only be used for group comparisons and not for individual patient measurement [8] . This means that PROMs developed using CTT may lack validity in the context of measuring progress in individual patients. As this is the purpose of patient reported outcome measures when used in a clinical context, this may pose problems for burn care health professional and researchers.
An alternative psychometric measurement model called Rasch item analysis [83] was established to overcome some of the limitations associated with classical test theory. For example, Rasch analysis creates interval measurements from ordinal-level scale data, therefore measurement invariance can be tested and items fitting the Rasch model can be summed to produce valid total scores. This would facilitate consistency in the measurement of the full range of impact of burn injuries [82] and would increase the accuracy of the PROM in identifying clinical change. Secondly, Rasch analysis develops items that are independent of the sampling distribution of items (and patients). This allows measurement to be accurately conducted at both individual and subsample levels [8] . Currently very few PROMs used in burn care have been developed or validated using Rasch analysis. Research by van de Wal et al (2012) [84] is the only study to date that has applied the Rasch analysis to a burns PROM. This involved subjecting the Patient and Observer Scar Assessment Scale (POSAS) [15] (which was originally developed using CTT) to a Rasch analysis. The results showed it is a reliable and valid scale for assessing burn scarring based on the Rasch principles. Researchers and clinicians that are developing and validating new PROMs for paediatric and adolescent burn patients should consider using Rasch methodology to ensure that the new scales are appropriate for assessing the experience of both individual patients and population subgroups.
Limitations
The current study aimed to include all relevant articles reporting the use of standardised PROMs with child and adolescent burn patients. However our search was limited to articles that had been written up for research purposes. It is possible that clinicians or researchers may be using additional PROMs in their clinical work that have been missed in this review. To overcome this limitation, the authors are conducting interviews with burn care professionals to identify any further PROMs currently in use in the clinical context.
Conclusions
Although a variety of different PROMs have been used with child and adolescent burn patients, only three have some level of psychometric evidence derived from this population. Additionally, these three PROMs lack evidence of their responsiveness and thus it is not clear how effective they are at identifying clinical change in this group of patients.
Generic outcome measures are unlikely to address the specific issues commonly experienced by child and adolescent burn patients and may not have the ability to detect changes associated with rehabilitation over time. In order to ensure that PROMs are specific to the needs of this group, indepth patient interviews should inform item generation and scale development. Patient input is also vital to ensure that questions are relevant and phrased appropriately for this population.
In order to address the recommendations of the National Burn Care Review (2001) [5] and to improve the provision of care for patients with burns, it is essential for burn care professionals and researchers to have access to age appropriate PROMs that have been developed and validated in line with expert guidance from Cano et al (2004) [21] and the Medical Outcomes Trust [22] . The development of such measures and the involvement of patients in this process remain a priority.
